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Abstract.  Simoltancons v situ ancaswremnents of
sh .:7_.__:: NO,, 13 73: BCH and CH, from 34 to 24 Jan
were nade in Avpost 1092 from Vs :f___: Teonag, wsing
the Bulloon bore ) aser Jn-Site Sensoy C,_ 18S) tunuble
diode Juser § spec omceter. \::_:__2_:; measoremenis of
NO,, RO, and NO,/JINO, “PICC W T with M.:r_.::ﬁ,
model caleol: ::_7 new 34 i where SAGY ) duts show
Lite sulfate serosol, (hisis not troce et the Jower litodes
wheare SAGY I shows high ac1050] _:“:._:;.z At 24 L
the B3 ISS RO, and BINOncasmrements @re 70% lower,
and 50% higher, ve xt::ﬁ_/. :_ m the T..n _.r:ﬁ, modcl
prediciions, with @ mcaaned RO, /IR0, ".m: 5 tines
smaller, /:_: n the heteropencous _;_:_:7. m N, O, ¢nd
CIORNO, on sulfate serosol of smisee @ densitics
:_._:_:_;. the SAGY 1 mcasmements s gdded o the
modcl, pood agrcement with the BIISS mcasmcments s
found over the whole sliitude 1anpc.

Introduciion

The Lnpe inercases in b ::7_: and sonfaee a1es
of stiatospheric diauid sulfmic scid droplets [see, special
?.ﬁz. :::.:E_.,f:.:_ Rescarch T etiers, volume 19, b
7, 1992) sccompanying, ::,. Jome 199 cruption of Mi.
Yinatuho _ZA,J:_:_E“ ot oal, ::2 present @ unigue

opporinnity for study of heterogencons chemishy and i
sensitivity 1o an ever-diminishing, acrosol Joading, as the
atmosphere 1ctomns o __:A.w..m.._:::: conditions,  Jmhey
aticipts  to eitvibute  changes o 3_::.”,_.__@,_:.
phiotochemistry to heteropencous chemistry hive _:A.:
frostiated by thnee facios: the _:,:2 _:if of £.:
ac10s0] associsted with carlicr voleanic cruptions o) ,:_:_
7 wekground conditions typical of the pre-Pinstobo penod;
the measurement unceriainty of calicr instromentation;
and the dack of datarclating measurements to trac ficlds
to noymalize 3:::_5; cficcis,
Modcls prcdict that the Jarpest parimbstions to
stratospheric chemstry caused by heteropencous 1eaciions
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are associated with changes in the NO(: ROHRO,) (o
1NNO, baliice. Two hetarogencous hydiolysic yeaciions
arc thoupht 1o be of significance: that of N,O¢ [Cadle ¢f
al. 1975), with @ 1caction probability of 0.3 independent of
tenperatone; @nd that of CIONO, with & ycaciion
probability of only 0.0012, but incrcasing, with deo cesing,
tanparate [see DeMore of sl 1992):

N,Of 4 15,0 <+ 21RO(p) (1)
CIONO, + 15,0+ 1INO(p) + 1OCIp) (2)

Over the tanpaatne yenpes of the mid-latitnde lower
stratosphicre, the CIONQO, yeaciion is expecicd to play @
mwinm 10le i diving, the conversion of NO, to 1INO,,

The most divect method of establishing the occonrence
of 1caciion (1) is to mcasme deacasing ycaciant, ROy,
and incrcasing ycaciion produci, JINO,, over an altitude
vaupe tansitioning from Jitfle sulfate zerosolin the middie
sini _:%__Sﬁ to the heavy Joading chiacienstic of the
post-Pmatobo Jower stratospharc,

Lonically, 1emote sensing, satellite, shutile, or balloon
mstroments with capability for simulfancons N,Og and
INO, meastrement do not perionm well in the regions of
high acrosol Joading where sola transiission at the
somtracker wavelengihsis greatly reduced. A regnalysis of
ATMOS data by Mcbihoy et @8l [1992) has shown that
while obseved RO, /1IN0 astios st 47°S below 30 ke
bettear aepresented by @ wodel  incorporating,
hcteropencous chemisty, this same dats set st 30°N 18
yatched well by pas phase chemistry along, @lthough
mecasued N,Oq s Jower than the pas phase resulis,

The radicals NO, and NO we linked diectly to the
{CIMparary 1CSCIvon .r\C.., through the dimnal eycles of its
nighttime formation and dayiime photolysis, @nd e
thacfoe considered pood proxics of the  tamporary
1csevoir, Unlike N, O, several 1cliable technigoes oxist
for thenr atmosphcric measurcanent, but the fast dayinme
photochemistry between than mcans that an isolated
measmement of citha pas is insofficient for testing,
hcteropencons  chemistiy  without  the  simultancous
measmcment of the other pariner and of RO,

The significant decreases inlower sbratospheric NO and
NQO, aftar the croption of i Chichon [Mclmland ¢t al,,
1986; Roscoc ¢t al, 1986) demonstrated the imporianee of
heteropencons chemistry, with models @ble to approximate
the obsarved changes [Bofmann and Solomon, 1989,
Michiclangeli et al,, 1989], but not the specilic mechanisim,
Maorc rceent obscavations of RO, abundiances lower than
pas phase pedictions |[Webster et al,, 1990) did not
mcude measmrement of BNO,,
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b ) anpe differences between observed NO, and pas phase
' model predictions were reporied following the craption of
Mt. Pinatubo. Johnson ¢t al. [1992] yeporicd @ sudden

c drop by 3545% in colunm RO, amounts over New
e 7.caland, Obscrvations of the NO, colimm over Colorado
, i guing 1992 [Mills ¢t al, 1993] showed strong, anti-
conclation with macasing, ac10sol amount near 25 30 km,
the offect satmating at igher acrosol Joading,

Conclusive evidenee of the occorence of 1caciion (1)
‘ came from simltancous in-situ mcasm anents of RO and
i NQOy [Fahey ¢t al, 1993]). Reduciions i RO, weac
obstaved for both backgroond and volcanic  aciosol
conditions.  Although this study was Jimited 1o altitodes
< 20 L, values of ZC.\ZCV. as Jow as 5%, «nd 3 tines
smaller than gas phase valucs, were 1eporicd.

Balloon mcasmanents of CIO profiles from 35 10 30
Ein from New Mexico (34 °R) by Avallone of al, [1993]
and from Greenland (67°N) by Dessler et al. 1993)
1cporied CIO amounts m;...__:._ﬁ___:«. acater than pas phase
model prediciions, and identificd heteropencons sulfate
chemistry as the somee of the incrcases,

I this paper, we 1epori the fust simultancous in-sito
mcasmements of NO, and 1INO, since the croption of
Mt. Pinatobo over the altitude range 24-34 T from
Palesting, Texas (32°R), and compnce the data with the
Caltech-211. photochemical  model  incorporating,
heterogencous  chemistly constrained by simultancous
satellite. mcaswements of acrosol Joading, O, 11,0,
temperatnr e and pressuc,

The B3 ASS Instroment

The Balloon-borne Y ascr In Sito Sensor - (B1ISS)
instroment is a tunable diode Jaser infraned absorption
spechometer which over the last decade has nade
stratospheric measmements of nunerons gases, including,
NO, NO,, 1INO,, O, 11CI, 13,0, CH, aud R,0 [Webste
¢t al, 1990, May and Wcbster, 1993]. Molcenlar nombaer
densitics are mcasured directly vsing long-path absorption
spectioscopy and harmonic detection teclmigues to sample
a 200 300 1m path between payload gondola and Jowered
retroreflector. Yor wavelengih calibration, nvnambipoous
identification of molceula species is ensmed by the use of
on-bomd 1cfarence cells of NO,, BNO,, 13CI and Cl, .
(sce Yipore 1, and May and Webster [1992]). \

- a N

The Caltech-2171. Moadel

A shmplificd varsion of the Caltech-P). 1-dimensional
time- dependent photochemical model [Allen and Dehitsky,
1991) was used, which included chemical kinctie aate
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constants based of 1 the IPY, compilationof DeMore ¢t al,,
| 1990), and Hhotolysis 1ate coef heients witl 1 oa full
ticat ment of e spherical geomety of the atimospherc,
The basic techmque adopted was t o constram the
modelusing abondances of: NO cstimated from the
Bl ISS JINO, and NO, mcasut ¢inents combined with
expected values {or (?l()t\‘(?.- and LN (G fiom the
BIISSHChucasm ements and expected values’of (JONQO,
and ClO; and o0 3 and 13,0 from the Mictowave 1 b
Sounder (M 1 .S) [Watars et al,, 1993) o the Ulppo
Atmospharic Rescarch - Satellite, The 111001 (1 was
initialized with all the NOy entered as NO,, and the initial
values of all the othar RO, spoecies set 1o z¢1 o fo
maintaining mass balance.” Vills mcthod has the advantape
of providing solutions to the covpled system of differ ential
cquations unbiascd by initial vaeucs, but 10 1cach astcady
dimnalstate the model has to beronfor 11101(. than 40
o deld days, mainly doe to the long Jifetime of 1 NO,
below 30 ki, A shmila proced (¢, was adOpted for total
fice chlorine by entering it ex cl usively a< JICL T he ozone
concentiration was kept fixed at the observed M 1S values,
A fnstcontroliamincuding gas-phase chemishy only,
vas stopped at 4 am (ime of” e, BLISSmmcasorementat
24 k). The resulling atmospher ¢ was thien taken as
initial conditions before adding the two heter opgencous
1cactions (1) and (2). The producis of both 1¢ actions
were assumed 10 be in the gas placase, as labor ator y
expaiments sogeest [Rocibs et al. 1990). The adopted
aca os0l D ofilesshownin ] dgar ¢ 2 av ¢ ba <ed on
Stratospheric Acrosols and Gas 1 xperiment (SAGYE 1)
mcasm ¢ nents in Septer nber 1990 and Sep texrnber 1992,
Acr 0301” swiface avea densitics wererctrieved fromthe
obscr ved SAGY ) extinctions by assuming, @ Jognonmal
size distrbution for the background loading, | Yue ¢t al,,
1986].  Bccause the cruption of Mt Pinatubo pencrated
1clatively Tar pe particles in the stratosphey ¢ [Ansmann ¢
al,, 1993), two Jognor mal size dists ibutions descr ibing, the
bimodal behavior wer ¢ 1 gonited, I or der to 1cacl
r cpeatable divinal eydesin the cases of post-volcanic and
background conditions, additional mode times of 3 days,
and 7 weceks, 1 espectively, wer € needed,ref leeting, the
1 apidity of the chanipes mtrodueed by het ¢ og, encou s
chemistiy on ¢ nhaniced acrosol surface arca. esoite the
linitations of vsing @ 1-dimensional model, the vaidity of
this approach was suppor ted by meteor ological data
showing zonially- symnctric temper ator ¢s and weak winds
duting August 1992 [G. Manncy, private connmnication].

[tc.stilts and discossion

Table 1 lists the BYISSmcaswrements for the flight of
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Aupast 26, 1992, 1dpmc3  compares the BEASS
meas sm ernenits of NO, and 1 NO; niximg 1atios between
18 and 36 Yan witly the modc) predictions, <17 () constiocl
the profile at 4:00 a.an, (solar zenith angle (SZ.A) of 1277)
I nc. mncasm cd values at 32 and 34 ki wer ¢ adjusted
sliphtly to con cet for the nighttime conversion of NO, to
N,Oq [Webster ¢t al,, 19901, bascdona simple expn ession
dependent 0n 0zone colic.c. et ation|[Tournietal,, 1991),
Model 1 ans we shiown at the same S7.A. Nitrie acid has
a much longer lifetime than NO,, and dots not exhibit
dim nal variations, so the valo es for the mcasm cments at
2.4, 26 and 34 kmar ¢ used directly fiom Table 1, and
compar cd with model predictions in Fipar ¢ 3. Fipore 4
Snows aplotof inc. mcasmced NO,/1INOy1atio asa
function of altitude, compar cd to model predictions.

Inediately appar ent from Figmes 3 and 4 is the
genceral pood agn cemenit between obsel vation a ndmodcl
esults at the higher altitudes above 30 ki, where ac osol
Sill face @rca densitics are neplipible, and  modcl
calenlations vsing botly pas andheterogencons chenistiy
corwver pe. At the lower altitudes, however, as ach osol
s face arca density ina casces, the measm ¢ ments depat i
markedlyfrom the modcl calcalations using only gas phase
hotochemistiy., At 24 ki the measm ements of NO, and
}]N()3 a1 ¢ 0% Jower , and 50% higher,y espectively, than
the pas phase model predictions, witl v a mcasm ¢d
N()f}l] MratioStimessmaller,

When the hete opcencous hiydr ol igis o £ N,Og and
( JONQO, on sulfate aciosol of su1 aGe. a1 ca densitics
matching the SAGYY 11 awncasm ¢ ments is added to the
modcels, moda f1 cement with the BLISS mcasur ciments of
NO, and’nf 11 NQ, is found over the whole altitnderange.
Note thatver tical mixing, which the model does not
account for, occors on timescales of 110 3 mon ths,
compar cd wit i the interconvarsion between NO, and
} INO, which 1caches steady-state afier a little more than
a month. This may cxplain why the model calcolations
have atendency 10 over estimate the long-lived 1 escrvoir
JINO,. 'The contribution of uncertainty inthe estimate of
NO, is minimized by considering the ratio of NO,/1INO;,

The dramatic differences in tue ability of the pasphase
and heter op,tlic.oils modcelsto fit the data ale. scenmthe
comparison with the calenlated N0,/11 NOg1atios (sce
Jagm ¢ 4). Good agr cementncatr 34 ki is found with o
without heter opencous chemisti y included (sinee act 0sol
sut face arca is small). Al 24 kin, however, afactor of 5
distinpuishes  the  two  cases, and  the  addition  of
heter opencous chemistty i s needed to mately the low
obscrvationls ofN02/711 NO.,. Backgiound ac1osol loading
docs not conver ( enough NO, to FINO; to account for the
obscrvediatio, Jor both altitudes, the agr cement between
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heteropencons modelandmcasm ¢ mentis ¢ i tkable, A
measurementof NO,/FINO, of 1.4/ at371 kin made close
to 4:00 a1 011 ancar lict BIASS flight in S¢ptenber 1988
is also shownin ¥igui € 4, and agi ces well With the model
1esnlts,

The B ASS observations of NO, and JINO; T4months
after the € ruption of Mt Pinatubo can be simulated only
upon the inclusion of hetes ogencons NO, hyd | olysis in
model calenlations. ‘Thisesult is particala ly sipmficant
since. pu cly gas-phase  calenlations  initialized  with
ATMOS 1985 icasm cnents 1 epr oduced the ATMOS
data set well thr oughout Inc. whole stratospher e, 'The
obser vations ar ¢ consistent with obser vations o f low
NO/NOy yatios ncar 17-20 kill [Fahey et al,, 1993].
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Fip. 1. Sccondharmonic B 1SS flipght speetr om for NO,
at ‘/.4 mbarcomparcdwitha synthetic speetr um,

1 dg. 2. SAGI ¢ measurciments of the total acrosolsun face.
a1ca density profile at 30°N in Sept. 1992 (closc. to the
B1 1SS flight date) and in SCF( . 1990 (backgr ound
conditions p1io1 to the eraption of Mt. Pinatubo).

Fip. 3. B1ISS measurements of NO, and 1 INO, mixing
1 atio between 18 and 36 km compar ¢d  with model
n edictions using gas-phase chemistry only (solid line:) and
mcluding heterogrencous chemistiy on bac]{: round(dash-
dot linc) and vo lécanic (dashed line) acroso L.

Fig. 4, B 1SS mcasutements of the NO; ‘jl INQO, 1atio
between 18 and 36 ki €01 npared with moc ¢l predictions
using, gas-phase chemistry m? (solid line), and including
heterogencous chemistry on backgr ound (dash-dot ]incs
and volcanic (dashed line) aciosol.  The data point
representing NO,/1INO3 “ 1.74 at 31 ki iS fiom an
cai lier BI 1SS flight in 1988.




1 able 1. BLISS data for balloon fllc;ht of Auqust 26, 1992,
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